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SUPER RESOLUTION INFORMATION 
REPRODUCTION BY TRACKING ADDRESS 
INFORMATION IN NORMAL RESOLUTION 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 

The present invention is related with an optical disk, 
an optical disk reproducing apparatus, and an optical 
disk recording apparatus, and more specifically, it is 
related with the optical disk and the optical disk repro- 
ducing apparatus, in which a high density record is 
possible. 

2. Description of the Related Art 

FIG. 1 shows a constitution of an information record- 
ing surface of a magneto-optical disk. 

In the magneto-optical disk, grooves G. which are 
approximately coaxially arranged guiding grooves, are 
formed, and lands L are formed along with the grooves 
G. Information pits (record marks) are normally formed 
on the lands L. In order to read out the information pit 
without error, the groove G is kept in such a state that 
nothing is recorded thereon. 

If the information pit is formed on both of the land L 
and the groove G with respect to the magneto-optical 
disk, a crosstalk is generated so that there arises a prob- 
lem that the information pit cannot be correctly read. 

In order to solve the above-mentioned problem, there 
is a super resolution reproduction, such as a MSR (Mag- 
netically induced Super Resolution). 

The super resolution is such a technology, which is 
developed in the field of a microscope, that a high reso- 
lution exceeding a usual definition is obtained by a spe- 
cial process applied to the image formation system, or 
by the post process applied to the image. For example, 
there is one method of dividing a spacial frequency 
domain into some pieces, performing the image forma- 
tion in each domain, and synthesizing them on the 
image formation plane. There is another method of 
performing an image formation after modulating the 
object image by use of a lattice, and demodulating it on 
the image formation plane. 

Hereinbelow, the MSR as one technique of the super 
resolution reproduction, will be explained. In the tech- 
nical field of the microscope, it is known that the image t 
resolution can be improved by preparing an optical 
mask like a pinhole at an objective position. In the 
MSR, a physical mask is not prepared at the recording 
medium surface of the magneto-optical disk, but a mask 
is formed in efficiency in the medium by use of the 
temperature distribution in the medium. The MSR en- 
larges the spacial frequency of the reproduction limit in 
efficiency, whereby to improve the recording density to 
about 1.5 to 3 times (see in detail "Atsushi Fukomoto, 
super resolution in a magneto optical disk with an active 
mask" in Japanese Applied Magnetic Academy's paper, 
VoL15, No.5.1991. etc.). 

However, in the above-mentioned MSR, in order to 
perform the super resolution reproduction, it becomes 
necessary to magnetically record the information pit, or 
the address pit for address generation. 

Therefore, with respect to the optical disk, on which 
the address pit is recorded in advance as a phase pit in 
the same manner as the information pit of a ROM disk 
etc., the above-mentioned super resolution reproduc- 
tion cannot be applied to the reproduction of the ad- 
dress pit. Thus, the address pit needs to be formed in 
such a large size that allows a normal reproduction 
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According 10 the present invention, the above object 
can be also achieved by an optical disk reproducing 
apparatus for reproducing the above mentioned second 
optical disk of the present invention. The optical disk 
reproducing apparatus is provided with: an optical $ 
pickup for irradiating a read beam onto the optical disk 
and reading information recorded on the optical disk: a 
first driving device for searching the address pit corre- 
sponding to a desired land or groove and for driving the 
read beam to a recording position of the address pit 10 
when reproducing the information pit on the desired 
land or groove: and a second driving device for driving 
the read beam to the desired land or groove from the 
recording position of the address pit. 

In the optical disk reproducing apparatus of the pres- 
ent invention, when the first driving device reproduces 
the information on the desired land or groove, the first 
driving device searches the address pit corresponding 
to the desired land or groove, and drives the read beam ^ 
to this address pit recording position. After that the 
second driving device drives the read beam from the 
recording position of this address pit to the desired land 
or groove. Therefore, just by recording one address pit 
with respect to one set of the land and the groove, the ^ 5 . 
information of the desired land or the desired groove 
can be reproduced. 

The nature, utility, and further features of this inven- 
tion will be more clearly apparent from the following 
detailed description with respect to preferred embodi- 3Q 
ments of the invention when read in conjunction with 
the accompanying drawings briefly described below. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1, is a diagram for explaining a constitution of 35 
an optical disk in the related art: 

FIG. 2, which consist of FIGS. 2A to 2D, are dia- 
grams for explaining a constitution of an optical disk of 
a first embodiment: 

FIG. 3 is a block diagram which indicates an outline 4Q 
constitution of a magneto-optical disk reproducing ap- 
paratus of the first embodiment: 

FIG. 4 is a flow chart in the operation of the first 
embodiment: 

FIG. 5 is a diagram showing a tracking error signal in 45 
the first embodiment: 

FIG. 6, which consist of FIGS. 6A to 6C, are dia- 
grams for explaining a constitution of an optical disk of 
a second embodiment: 

FIG. 7, which consist of FIGS. 7A to 7D, are dia- 50 
grams for explaining a constitution of an optical disk of 
a third embodiment: and 

FIG. 8 is a flow chart in the operation of the third 
embodiment. 

DETAILED DESCRIPTION OF THE 55 
PREFERRED EMBODIMENTS 

Referring to the accompanying drawings, embodi- 
ments of the present invention will be now explained. 
First Embodiment 60 

FIG. 2 shows a constitution of an optical disk of the 
first embodiment. 

As shown in FIG. 2A, a plurality of lands L and a 
plurality of grooves G, are prepared on a recording 
surface of a substrate of a magneto-optical disk. As 65 
shown in FIG. 2B. the A-A' cross section of the magne- 
to-optical disk is made in a concavo-convex state oh the 
substrate 100. 
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A prepit PP (i.e. a phase pit, which is indicated by a 
slashed circle mark in FIG. 2 A) for address generation, 
is formed on the axis of the groove G of the magneto- 
optical disk. In the present embodiment, an area PA (i.e. 
prepit area) where the prepits PP are formed, consists of 
a mirror finished surface as shown in FIG. 2C (the B-B' 
cross section). 

The length of the prepit PP in the direction of the 
normal line, is generally formed longer than an informa- 
tion pit 101 (which is indicated by a circle mark in FIG. 
2A) on the substrate 100. The width of the prepit PP in 
the radial direction, is almost equal to or larger than the 
width of the groove G as shown in FIGS. 2A and 2D. 

Here, the information pit 101 is reproducible by a 
super resolution reproduction such as the aforemen- 
tioned MSR. For example, the information pit 101 may 
be constructed to be detected by the FAD (Front Aper- 
ture Detection) of the MSR, in which the high tempera- 
ture zone in the information pit heated by the read beam 
becomes the mask of the information pit while the not- 
heated front portion of the read beam becomes the 
aperture. Alternatively, the information pit 101 may be 
constructed to be detected by the RAD (Rear Aperture 
Detection) of the MSR, in which the high temperature 
zone in the information pit heated by the read beam 
becomes the aperture while the not-heated rear portion 
of the read beam becomes the mask. Further, the infor- 
mation pit 101 may be constructed to be detected by 
another super resolution reproduction technique, in 
which the reproduction film composing the information 
pit is magnetized inwardly by heating the film by the 
read beam, to enable the super resolution. Various 
known super resolution reproduction techniques can be 
employed to the information pit 101 of the present. 

FIG. 3 is a block diagram indicating an outline consti- 
tution of a magneto-optical disk recording and repro- 
ducing apparatus. 

In FIG. 3, the magneto-optical disk recording and 
reproducing apparatus is provided with a spindle motor 
1. a. magnetic head 2a, and an optical pickup 2b. The 
spindle motor 1 rotationally drives a magneto-optical 
disk DK. The optical pickup 2b is interlocked with the 
magnetic head 2a, and is moved in the radial direction 
of the magneto-optical disk DK by an actuator. The 
optical pickup 2b includes a laser light source, a lens, a 
photodetector. and so on. 

The magneto-optical disk recording and reproducing 
apparatus is adapted to irradiate a laser light spot to the 
magneto-optical disk DK at the time of recording and 
reproducing the data, and detect the strength of the 
reflected light at the time of reproducing the data. The 
reflected light is generated such that the polarization 
plane thereof is slightly rotated on the magneto-optical 
disk DK, to which the light spot is irradiated, by the 
magnetic Kerr effect. The magneto-optical disk record- 
ing and reproducing apparatus is also adapted to output 
RF (Radio Frequency) signal, which is obtained by 
photo-eiectrically converting the strength of the re- 
flected light. 

The magneto-optical disk recording and reproducing 
apparatus is provided with a spindle-servo circuit 3, a 
focus-servo circuit 4. a tracking-servo circuit 5, a head- 
servo circuit 6, a head amplifier 7. an RF amplifier 8. an 
EFM decoder 9, a system controller 10. an operation 
unit 11. and a display section 12. 

The spindle-servo circuit 3 controls the spindle motor 
1. The focus-servo circuit 4 controls the focus of the 
optical spot irradiated to the magneto-optical disk DK 
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from the optical pickup 2b. The tracking-servo circuit 5 
controls the movements of the track positions of the 
magnetic-head 2a and the optical pickup 2b. The head- 
servo circuit 6 controls the magnetic head 2a. The head 
amplifier 7 amplifies the output signal of the optical 5 
pickup 2b. The RF amplifier 8 generates a reproduction 
signal from the output of the head amplifier 7. and gen- 
erates various control signals. The EFM decoder 9 
restores the EFM signal, which is outputted from the 
RF amplifier 8 at the time of data reproduction, and 10 
outputs digital output data. The system controller 10 
controls the whole apparatus at the time of data repro- 
duction. Operation inputs for data reproduction, are 
inputted through the operation unit 11. The operation 
unit 11 includes operation switches, such as a reproduc- 15 
tion switch ("PLAY" switch). The display section 12 
performs various displays at the time of data reproduc- 
tion. 

Nextly, the operation of the present embodiment will 
be explained with reference to the flow chart of FIG. 4. 20 

In the following explanation, it is assumed that, 
whether the position to reproduce/record the informa- 
tion pit is on the land L or the groove G, is indicated by 
a least significant bit (LSB) of the address data. More 
concretely, it is assumed that the basic address data, for 25 
specifying one set of the land and the groove, including 
the land L which information pit is to be reproduced or 
recorded, is equal to "0100", and that the bit informa- 
tion indicating the land L is X (X;0 or 1). At this time, ^ 
the address data becomes equal to "0100 X". In this 
case, the basic address data of the target, is recorded on 
the groove G. At the inner and outer circumferential 
sides of the groove G, there exists the land L. Thus, it 
becomes necessary to determine in advance whether the 35 
land corresponding to the basic address data is the inner 
circumferential side or the outer circumferential side. 
When the groove indicated by the basic address data is 
detected, it becomes possible to immediately perform 
jumping to a right land, by monitoring whether the ^ 
tracking error signal is deflected to the plus ( + ) side or 
to the minus (-) side, as shown in FIG. 5. 

In FIG. 4, firstly, the system controller 10 controls 
the tracking-servo circuit 5 to set up so as to trace the 
groove (step SI). 4J 

Next, the system controller 10 reads the present ad- 
dress data (basic address data) obtained through the 
pickup 2b, the head amplifier 7, the RF amplifier 8, and 
the EFM decoder 13 by irradiating the light spot to the 
prepu (step S2). And, the system controller 10 com- 50 
pares thus obtained data with the portion of the target 
address data except the least significant bit thereof, and 
seeks to the target track (i.e. to one set of the land and 
the groove) (step S3). 

When it reaches to the target track, the svstem con- 55 
trailer 10 judges the least significant bit ( = X) of the 
address data, and judges whether the final target ad- 
dress data corresponds to the groove or not (step S4). 

If the final target address corresponds to the groove 
G. it is concluded that the seeking operation is already 60 
completed, so that the seeking process is ended, since in 
the present embodiment, the basic address data is re- 
corded on the groove G. 

Moreover, if the final target address corresponds to 
the land, the system controller 10 controls the tracking- 65 
servo circuit 5 to switch the tracking servo-control so as 
to trace the land L and draw u into the land L, and ends 
the seeking process (step S5). 
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After that, the super resolution reproduction opera- 
tion of the information pits, which are recorded on the 
groove G or the land L, is performed under the control 
of the system controller 10. 

As described above, even in the case that there are 
intermingled the information pits, which are reproduc- 
ible by the super resolution reproduction, and the ad- 
dress pits, which are only reproducible by the normal 
reproduction, the reproduction is not influenced by the 
crosstalk etc., the record data can be perfectly repro- 
duced, and the recording density of the magneto-optical 
disk can be also improved, according to the present 
embodiment. 
Second Embodiment 

FIG. 6 shows an optical disk of the second embodi- 
ment. In this second embodiment, the prepits are pre- 
pared in the land. 

As shown in FIG. 6A, a plurality of lands L and a 
plurality of grooves G are prepared on a recording 
surface of a substrate of the magneto-optical disk. As 
shown in FIG. 6 B, the D-D' cross section is made in 
the concavo-convex state on a substrate 100. 

The prepits PP (i.e. the phase pits) for address genera- 
tion are formed on the axis of each land L of the magne- 
to-optical disk. In the present embodiment, the groove 
G is also formed on this area PA (i.e. prepit area), in 
which the prepits PP are formed, in parallel to the land 
as shown in FIG. 6 A. 

The length of the prepit PP in the direction of the 
normal line, is formed generally longer than the infor- 
mation pit 101 (which is indicated by a circle mark in 
FIG. 6A) as shown in FIG. 6A. The width of the prepit 
PP in the radial direction is almost equal to or less than 
the width of the land L, as shown in FIGS. 6A and 6C. 

The searching operation for the target address in this 
second embodiment, is similar to that of the first em- 
bodiment, and it is sufficiently explained just by inter- 
changing the land L and groove G in the explanation of 
the first embodiment. 

Even in the case that there are intermingled the infor- 
mation pits, which are reproducible by the super resolu- 
tion reproduction, and the address pits, which are only 
reproducible by the normal reproduction, the reproduc- 
tion is not influenced by the crosstalk etc.. the record 
data can be perfectly reproducible, and the recording 
density of the magneto-optical disk can be also im- 
proved according to the second embodiment, as in the 
case of the first embodiment. 
Third Embodiment 

FIG. 7 shows a constitution of the optical disk of the 
third embodiment. The prepits PP are formed in the 
third embodiment such that the central axis of each 
prepit PP is located between the central axis of the 
groove and the central axis of the land. 

As shown in FIG. 7A, a plurality of lands L and a 
plurality of grooves G are prepared on a recording 
surface of a substrate of the magneto-optical disk. As 
shown in FIG. 7B, the F-F' cross section is made in the 
concavo-convex state on a substrate 100 of the optical 
disk. 

The prepits (which are indicated by a slash circle 
mark in FIG. 7A) are formed such that the axis of the 
prepit PP (i.e. the phase pit) for address generation, is 
located between the axis of the groove G and the axis of 
the land L of the magneto-optical disk. In the present 
embodiment, the area PA (i.e. the prepit area) in which 
the prepits are formed, consists of the mirror finished 
surface as shown in FIG. 7C (the H-H' cross section). 
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The length of the prepit pit in the direction of the 
normal line is generally formed longer than the informa- 
tion pit 101 (which is indicated by a circle mark in FIG. 
7A). The width of the prepit in the radial direction is 
almost equal to or less than the sum of the width of the 5 
groove G and the width of the land L as shown in 
FIGS. 7A and 7D. 

Nextiy t the operation of the present embodiment will 
be explained with reference to the flow chart of FIG. 8. 

In the following explanation, in the similar manner as 1° 
the first embodiment, it is assumed that whether the 
position to reproduce/record the information pit is on 
the land L or on the groove G is indicated by the least 
significant bit of the address data, and that the target 
basic address data is recorded as a prepit between the 15 
axis of the groove G and the axis of the land L. Since 
the groove G or the land L exists in the inner circumfer- 
ential side and the outer circumferential side of this 
prepit, the target groove G or land L is uniquely deter- 
mined. Thus, it is not necessary to determine before- 20 
hand jumping to the inner circumferential side or jump- 
ing to the outer circumferential side according to the 
basic address data, as in the first embodiment. By moni- 
toring whether the tracking error signal is deflected to 
the plus ( + ) side or to the minus (-) side, it becomes 25 
possible to perform jumping immediately to the right 
land or groove. 

In FIG. 8, firstly, the system controller 10 controls 
the tracking-servo circuit 5 to set up so as to trace the 
groove G or the land L (step S10). In this third embodi- 
ment, this set-up can be performed whether it is the 
groove G or the land L. 

Nextly, the system controller 10 controls the track- 
ing-servo circuit 5 to give, to the pickup 2b, the offset 35 
voltage having such a voltage to move the read beam to 
a position between the axis of the groove G and the axis 
of the land L (step Sll). As the result, the read beam is 
moved to be at the position between the axis of the 
groove G and the axis of the land L. so that it becomes ^ 
possible to read out the signal corresponding to the 
prepit. 

Nextly, the system controller 10 reads the present 
address data (i.e. the basic address data) obtained 
through the pickup 2b, the head amplifier 7, the RF 45 
amplifier 8, and the EFM decoder 13, by irradiating the 
light spot onto the prepit (step S12). And. the system 
controller 10 compares thus obtained data with the 
portion of the target address data except the least signif- 
icant bit thereof The system controller 10 controls the 50 
tracking-servo circuit 5 again to set up so as to trace the 
groove G or the land L (step S13). Then, seeking to the 
vicinity of the target track (i.e. one set of the land and 
groove) is performed (step S14). 

Nextly, the system controller 10 controls the track- 55 
ing-servo circuit 5 again to give, to the pickup 2b, the 
offset voltage having such a voltage to move the read 
beam to the position between the axis of the groove G 
and the axis of the land L (step SIS). Thus, the read 
beam is moved to be at the position between the axis of 60 
the groove G and the axis of the land L. so that the 
signal corresponding to the prepit can be read out. 
Then, the system controller 10 reads the present address 
data (i.e. the basic address data) obtained through the 
pickup 2b, the head amplifier 7, the RF amplifier 8, and 65 
the EFM decoder 13 (step S16). The system controller 
10 compares thus obtained data with the portion of the 
target address data except the least significant bit 
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thereof, and judges whether it has reached to the target 
track or not (step S17). 

If it reaches the target track (YES), the system con- 
troller 10 judges the least significant bit ( = X) of the 
address data, judges whether the final target address 
data corresponds to the groove or not. and performs 
jumping to the groove G or the land L according to the 
least significant bit of the address (step S18). 

After that, the super resolution reproducing opera- 
tion of the information pit recorded on the groove G or 
the land L is performed under the control of the svstem 
controller 10. 

On the other hand, if it does not reach the target track 
at the step S17 (NO), the processes of the steps S13 to 
S17 are repeated until it reaches the target track (YES). 

As described above in detail, even in the case that 
there are intermingled the information pits, which are 
reproducible by the super resolution reproduction, and 
the address pits, which are only reproducible by the 
normal reproduction, the reproduction is not influenced 
by the crosstalk etc., the record data can be perfectly 
reproduced, and the recording density of the magneto- 
optical disk can be improved, according to the third 
embodiment, as in the first and second embodiments. 

Moreover, the land L and the group G are formed on 
the optical disk in the above embodiments. However, 
the present invention can be adapted to the optical disk 
on which the land L and the group G are not formed. 

As described above in detail, according to one aspect 
of the present invention, since the information pits, 
reproducible by the super resolution reproduction, are 
recorded on a plurality of the record tracks, and since 
one address pit for address reproduction is formed with 
respect to one set of the recording tracks adjacent to 
each other in the radial direction of the optical disk, the 
information recording density can be improved. Fur- 
ther, even in the case that the size of the address pit is 
not small but is large as compared with the information 
pit, the recording operation in which the recording 
density is improved, becomes possible. 

According to another aspect of the present invention, 
since one address pit for address reproduction is formed 
with respect to one set of the land and the groove adja- 
cent to each other in the radial direction of the optical 
disk, the information recording density can be im- 
proved. Further, even in the case that the size of the 
address pit is not small but is large, the recording opera- 
tion in which the recording density is improved, be- 
comes possible. 

According to another aspect of the present invention, 
since only one address pit is recorded with respect to 
one set of the land and the groove, the information pit 
on the desired land or the desired groove can be repro- 
duced. Further, even in the case that the size of the 
address pit is not be small, the reproduction of the opti- 
cal disk in which the recording density is improved, 
becomes possible. 

The invention may be embodied in other specific 
forms without departing from the spirit or essential 
characteristics thereof. The present embodiments are 
therefore to be considered in all respects as illustrative 
and not restrictive, the scope of the invention being 
indicated by the appended claims rather than by the 
foregoing description and all changes which come 
within the meaning and range of equivalency of the 
claims are therefore intended to be embraced therein. 



